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Justification of Study 
A means of controlling estrus and conception in cattle 
would be of practical significance to the beef industry. 
The primary advantage to be realized from successful syn­
chronization of conception would be the large scale appli­
cation of artificial insemination to beef cattle. Under 
present conditions of beef production, the breeding herd is 
not observed closely enough for females to be separated and 
individually inseminated as they come in heat. Therefore, 
only by controlling estrus can artificial insemination be 
widely practiced in beef animals. Utilizing the tool of 
artificial service, the potential rate of genetic improve­
ment can be greatly increased over that expected under a 
system using natural matings. The genetic superiority of 
an outstanding bull could be capitalized on by many breed­
ers, rather than by only a select few. 
Other benefits could also be derived from controlled 
conceptions. The economic advantage of a uniform group of 
animals at market time has long been recognized. Syn­
chronizing heat and conception would naturally result in a 
more uniform group of offspring. The technique of ova 
transfer requires that donor and recipient animals be 
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synchronized with respect to their estrcus cycles. Al­
though the application of ova transfer is far from reality, 
its success will eventually require a practical means of 
controlling estrus. Our knowledge of nature's mechanism 
for controlling estrus is very meager, especially in the 
economically important farm animals. A means of arti­
ficially regulating heat could possibly indicate some of 
the factors involved in this basic process. 
The majority of work in this area has involved the ad­
ministration of progesterone or its derivatives to suppress 
normal estrus. Earlier workers used daily injections of 
progesterone to control beat, although such a system would 
not blend itself to practical application. With this in 
view, the more recent investigations have involved a single 
injection or the oral administration of these compounds. 
The purpose of the work reported in this dissertation was 
to further investigate the experimental control of estrus 
and conception and to study the possible mechanisms through 
which progesterone exerts its inhibitory influence on estrus. 
Reproduction in the Cow 
The following is a brief account of some basic details 
involved in reproduction of the cow. The material was ob­
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tained from Asdell (1955), Austin (1959), Cleg$ (1959). 
Hansel (1959), Harvey (1959), and Nalbandov (1958). For 
brevity, these references are not individually cited in the 
following discussion. 
Anatomy and histology of the genital organs 
The genital organs of the cow consist of ovaries and 
the duct system. The duct system can be further divided 
into oviducts, uterus, cervix, vagina, and vulva. 
The ovaries are paired organs situated retroperitoneal-
ly posterior to the kidneys. In the mature animal they are 
approximately 3.5 to 4.0 cm. long by 3.0 cm. in diameter, 
the size depending primarily on the reproductive status of 
the individual. The ovaries can be considered as the pri­
mary organs of reproduction in the female, since they pro­
duce the ova and hormones that control growth and develop­
ment of the duct system. These organs are attached along 
the mesovarial margin to the anterior part of the broad 
ligament. 
Histologically, the ovary can be divided into two 
general areas, the cortex and medulla. The medulla consists 
of a loose fibroelastic tissue containing a rich supply of 
blood vessels and nerves. Surrounding the medulla is the 
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cortex of connective tissue stroma containing the follicles 
which enclose the ova. On the surface of the ovary is a 
layer of flattened cells termed the germinal epithelium, 
under which the connective tissue is organized into a dens­
er layer, the tunica albuginea. The follicle consists of 
an ovum, the granulosa cells surrounding the ovum,follicu­
lar fluid, and the thecal layer of connective tissue cells 
on the periphery. 
Follicles are classified as primary, secondary, or 
tertiary depending on their stage of development. The pri­
mary follicles are distinguished by the fact that the ova 
contained in them have no vitelline membrane. Secondary 
follicles are those in which the ovum has acquired a mem­
brane, the zona pellucida. The granulosa cells proliferate 
and secrete a fluid called follicular fluid or liquor fol-
liculi. This causes the development of a fluid filled 
cavity around the ovum termed the antrum. Tertiary folli­
cles are those which possess an antrum. During the develop­
ment of the follicle, the theca becomes divided into two 
layers, the theca interna and the theca externa. The 
secretory-type cells of the theca interna are believed to 
secrete estrogenic hormones, which are responsible for the 
manifestation of estrus and the development of the secondary 
sexual characteristics of the female. A mature follicle is 
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known as a Graafian follicle, and differs only from a ter­
tiary follicle by its size. The size of the follicle in­
creases markedly shortly before and during estrus. Eventu­
ally, the wall of the follicle ruptures and the ovum is re­
leased into the infundibulum of the oviduct. This is the 
process known as ovulation. Usually only one follicle rup­
tures at the time of ovulation, but multiple ovulations 
sometimes occur. 
Following ovulation the follicular cavity is converted 
into a structure known as the yellow body or corpus luteum. 
The granulosa cells increase in size and become the lutein 
cells. Also, the theca appears to contribute cells to the 
corpus luteum. This organ secretes the hormone progester­
one, which is essential for the initiation and maintenance 
of pregnancy. 
The oviducts or Fallopian tubes are paired continua­
tions of the uterine horns, and are supported by the broad 
ligament. Their average length is 20-35 cm. and their 
greatest diameter is approximately 5-7 mm. For descriptive 
purposes the oviduct may be divided into three portions: 
the infundibular, or funnel portion; the ampulla, or an­
terior part of the tubular portion; and the isthmus, or 
longer part of the tubular portion which connects with the 
uterine horn. The infundibular portion receives the ovum 
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at ovulation and the remaining portions of the oviduct 
transport the ovum to the uterus. 
The wall of the oviduct is composed of an outer serous 
layer, a middle muscular layer, and an inner mucous layer. 
The mucosa is thrown into many folds at the ovarian region, 
with the number and height of the folds decreasing toward 
the uterine end. Conversely, the muscularis is thicker at 
the uterine end and disappears in the infundibulum. The 
mucous layer consists of a vascular connective tissue layer 
with a single layer of epithelium. These epithelial cells 
are ciliated, with the cilia beating in the direction of 
the uterus. 
The uterus is attached to the abdominal wall by a 
portion of the broad ligament known as the mesometrium. 
The bovine uterus is of the cornuate type, with a relatively 
small body and large horns. The body is approximately 4 cm. 
long and the horns about 35-40 cm. in length. As in the 
oviduct, the wall of the uterus can be divided into three 
coats: an outer serous layer, the perimetrium; a middle 
muscular layer, the myometrium; and an inner mucous layer, 
the endometrium. The endometrium is of primary importance 
for the normal growth and development of the embryo. It 
is composed of a thick layer of connective tissue elements, 
the stroma, lined by a single layer of columnar epithelium. 
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Within the stroma are the simple, coiled, branched, tubular 
glands of the endometrium which are also lined by a single 
layer of columnar epithelium. It is a general belief that 
the uterine glands secrete "uterine milk", a substance 
which supposedly nourishes the developing blastocyst. The 
bovine endometrium is characterized by approximately 100 
specialized circular areas termed caruncles, where placen­
tal attachment occurs during pregnancy. The caruncles are 
composed of dense connective tissue and are about 15 mm. in 
diameter in the non-gravid uterus, but enlarge greatly 
during gestation. No uterine glands are found in the caruncu-
lar areas of the endometrium. 
The cervix is the entrance from the vagina into the 
uterus and is actually the posterior portion of the latter. 
Therefore, it is composed of the same basic layers as the 
uterus. It varies from 6-10 cm. in length and 2-4 cm. in 
diameter, depending upon the reproductive status of the 
animal. The opening of the cervix into the vagina is termed 
the os uteri. The mucosa, usually is arranged into 2-5 cir­
cular folds of dense connective tissue covered by a single 
layer of mucous-secreting epithelial cells. The muscular 
layer of the cervix is particularly well developed. The 
cervix functions mainly in sealing off the uterus from 
microscopic and macroscopic invaders. 
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The vagina lies between the cervi* and the vulva, and 
is about 20-30 cm. long in the nonpregnant cow. It consists 
of the same basic layers as the rest of the duct system. 
The inner layer is composed of several layers of mucous 
secreting epithelial cells in the anterior two-thirds, with 
stratified squamous epithelium lining the posterior third. 
The muscular layer is poorly developed and therefore the 
walls of the vagina are generally collapsed. 
The vulva is the external opening of the female re­
productive tract. It is composed of two folds of skin with 
a large amount of fatty tissue and a thin layer of smooth 
muscle. Sweat and sebaceous glands are found on the surface 
of the vulva. It is capable of becoming turgid during 
sexual stimulation, due to an increased flow of blood into 
this area. 
Cyclic phenomena 
Estrus, or heat, is the period of sexual receptivity 
by the female. In addition to standing to be mounted by 
another animal, other manifestations of heat are often ob­
served. These include attempting to mount other animals, 
restlessness, bellowing, swollen lips of the vulva, and a 
flow of clear mucous from the vulva. The age at first heat, 
or puberty, is influenced by several factors, breed and level 
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of nutrition being of primary importance, in general, fe­
males of beef breeds will usually show first estrus at 
about 12 months of age when subjected to a normal nutri­
tional regime. The length of the period of male acceptance 
depends on several factors, such as age, reproductive 
status, level of nutrition and climatic conditions. A 
range of 12-20 hours is usually reported, with heifers 
generally expressing shorter heat periods than mature cows. 
The interval between two heat periods is known as the 
estrous cycle. Cows are polyestrus, which indicates that 
the sexual cycles are repeated more or less continuously 
throughout the year. In general, the modal length of the 
estrous cycle is 20 days for heifers and 21 or 22 days for 
cows. The repeatability of cycle length appears to be 
relatively low. 
The cow is a spontaneous ovulator, which means that 
ovulation occurs regardless of the occurrence of copulation. 
A unique feature of the bovine is the fact that ovulation 
occurs after the period of male acceptance. Ovulation is 
usually observed an average of 10-12 hours following the 
end of estrus. A common abberation in cattle is the oc­
currence of so-called "quiet ovulations". This condition 
is characterized by the lack of male acceptance preceding 
ovulation, and appears to be more frequent during periods 
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of StïeSô, Such sâ unfavorable climatic conditions. 
A bloody vaginal discharge is often noted 1-3 days 
following heat. It is more frequent in heifers than in 
cows, occurring in about 90% of the cycles of young heifers 
and in about 50% of the cycles of mature cows. The bleed­
ing originates in the uterus and is the result of diapede-
sis and capillary rupture. The occurrence of this bloody 
discharge, often termed metestrus bleeding, is unrelated to 
the conception rate at the last heat period. 
The cow does not generally exhibit estrus immediately 
following parturition. The interval from parturition to 
first heat is quite variable, with an average range of 51-80 
days reported for beef cattle. Also, the frequency of quiet 
ovulations following parturition appears to be higher than 
for other reproductive stages. Fertility appears to be 
lowered for a short period following calving, and therefore 
the usual recommendation is to allow at least a 60 day post­
partum interval before service is attempted. 
Cyclic histological changes are also observed in 
various portions of the reproductive tract. The primary 
changes occurring in the ovary have previously been described. 
They account for the outward rhythm of the estrous cycle as 
well as the histological changes in the other organs con­
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cerned with reproduction. This action is accomplished 
through the varying production of the ovarian hormones. 
The epithelial cells lining the oviducts respond pri­
marily to estrogen stimulation. Therefore, they are tallest 
during estrus, when maximum estrogen levels are present, 
and lowest during the luteal phase of the cycle. On the 
other hand, the epithelial cells of the endometrium appear 
to be primarily influenced by levels of progesterone. Al­
though there is no general agreement, these cells are ap­
parently taller during midcyçle, when the corpus luteum is 
active, and lower at heat or shortly afterward. The uter­
ine glands are relatively straight at estrus. They begin 
to grow, secrete, and become more coiled shortly after heat 
and increase in complexity and secretory activity until 
about the 12th day of the cycle. The smooth muscle cells 
of the myometrium increase in length during the estrogenic 
phase of the cycle and decrease during the remainder of the 
cycle. 
The epithelial cells of the cervix are tallest and most 
active in mucous secretion during estrus, with minimum se­
cretory activity and cell height observed during midcycle. 
The changes occurring in the mucosa of the anterior vagina 
are similar to those in the cervix. The number of cell 
layers in the anterior vagina is at a minimum during heat, 
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although the individual cells are large at this stage. 
Mucous secretion from these cells is also abundant at this 
time. At 8-11 days following heat the epithelium in this 
area appears degenerate in character. The posterior vaginal 
epithelium is irregular in depth throughout the cycle, 
varying from 4-33 cell layers. Individual cell heights are 
tallest about 2 days after heat, and the superficial layers 
tend to become squamous about 10 days after heat. However, 
true cornification does not appear to occur in the vaginal 
epithelium. Unlike some species, the vaginal smear of the 
cow is of little value in diagnosing the reproductive status 
of the animal. 
Pregnancy and parturition ^ 
Fertilization usually occurs in the anterior portion of 
the oviduct, shortly after the release of the ovum from the 
follicle. The fertilized egg enters the uterus approxi­
mately 96 hours after ovulation in the 16-32 cell stage. 
The blastocyst stage is reached after about 8 days. Until 
implantation occurs, the developing blastocyst depends al­
most entirely upon the secretions of the uterine glands 
(uterine milk) for nutrition. Although the exact time of 
implantation in the bovine is controversial, it appears that 
some form of attachment to the uterus has occurred by the 
30th day of gestation. 
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Of significant importance is the fact that the cyclic 
estrous periods must be interrupted for pregnancy to ensue. 
To accomplish this, the corpus luteum of the cycle must be 
maintained and transformed into the corpus luteum of preg­
nancy. The prolonged progesterone secretion by the corpus 
prepares the uterus for the development of the embryo and 
suppresses the periodic heat periods. This latter action 
is probably accomplished through a suppression of pituitary 
gonadotrophin secretions. The corpus luteum is maintained 
throughout gestation, regression of this organ following 
parturition. Although the corpus luteum is an essential 
structure for the maintenance of pregnancy, the factor(s) 
essential for its maintenance and continued function are 
totally unknown. In some species the hormone prolactin has 
been implicated as the luteotrophic substance, although 
prolactin apparently has no sustaining effect on the bovine 
corpus luteum. 
The placenta of the cow is classified as syndesmo-
chorialis. It involves the disappearance of the uterine 
epithelium over certain areas, leaving only five tissue 
layers between the fetal and maternal blood. These are the 
endothelial, connective tissue, and epithelial layers of 
the fetal placenta and the connective tissue and endothelial 
layers of the maternal portion of the placenta. The gross 
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form of the placenta is cotyledcsary and the endometrial re­
lationship is intermediate between deciduate and nondecidu-
ate, there being some loss of maternal tissue at birth. 
The endometrial caruncles mentioned previously are the 
maternal portion of the placenta. They are moderately well 
vascularized and become enormously enlarged during preg­
nancy. They are arranged as a series of four rows in the 
body, three in the middle of the uterine horns, and two in 
its extremities. Their numbers vary from 70-120 in the cow 
uterus. The epithelial covering of the caruncles is eroded 
by the developing fetal placenta and cotyledonary villi 
grow into the depressions of the caruncles, resulting in 
attachment of the fetal placenta to the uterus. 
The allantocho r ion forms the greater portion of the 
fetal placenta, although the amniochorion is also functional 
in this capacity. The fetal cotyledons are specialized 
areas on the allantochorion and amniochorion which develop 
over the caruncles of the uterus and send out villi which 
penetrate the latter. After 90 days the cotyledon is fully 
developed, and the structure resulting from the union of 
caruncle and cotyledon is termed a placentome. This struc­
ture allows for the transfer of material between maternal 
and fetal circulatory systems. 
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The period during which the essential organs are formed 
is termed the embryonic stage. This period is relatively 
short, being completed by approximately the 45th day of 
gestation. Afterwards, growth is due mainly to an increase 
in size and is called the fetal stage. The uterus grows in 
weight continuously throughout pregnancy although it does 
not increase in weight as fast as its contents. Therefore, 
the walls of the uterus become thinner as pregnancy proceeds. 
The fetal membranes grow rapidly until 180-210 days, and the 
amniotic fluids increase steadily until 120-150 days. If 
the growth of the fetus is expressed as a percentage of its 
final weight, a steady but slightly diminished increase is 
observed as pregnancy advances. 
It is very likely that the production of the ovarian 
hormones is very essential to the maintenance of pregnancy, 
especially that of progesterone. Since the corpus luteum 
can be removed after the seventh month of gestation without 
interrupting pregnancy, it is assumed that placental pro­
gesterone production is sufficient at this time to maintain 
pregnancy, although this has not been experimentally demon­
strated. 
The average length of gestation in the beef breeds 
varies from 279-285 days, with an extreme range of 243-316 
days reported in Herefords. The factors which control the 
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length of prsgsaacy are povïly understood, but can be broadly 
classified into endocrine, genetic, and environmental in­
fluences. Genetic factors include breed, maternal genotype 
and fetal genotype. Nutrition, season, and size, sex and 
number of fetuses are some of the possible environmental 
factors. The endocrine factors, especially the role of 
progesterone, have been briefly considered. 
It is probable that the birth process is initiated by 
a combination of factors which increase the sensitivity of 
uterine muscle to hormones, since parturition is precipi­
tated by increased uterine motility and contraction. One 
theory proposes that increasing levels of estrogen sensitize 
the uterine muscle to the action of oxytocin, a hormone 
which causes uterine contractions. Relaxin, a hormone pro­
duced by the corpus luteum and placenta in some species, 
causes relaxation of the pubic symphysis and dilation of 
the cervix prior to birth. The combined action of these 
hormones would thus result in the completion of the birth 
processes. 
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REVIEW OF LITERATURE 
Control of the Estrous Cycle 
Corpus luteum enucleation 
The technique of removing or enucleating the corpus 
luteum by manual manipulation through the wall of the rec­
tum has been used in cattle for a number of years. Removal 
of the estrus-inhibiting influence of this organ results in 
follicular development with subsequent heat and ovulation. 
Therefore, this procedure could serve as a tool to induce 
heat. Dowling (1949) reported that the expression of the 
corpus luteum in 76 animals resulted in estrus 2-5 days 
later, with 90% of the animals in heat 2-4 days post-
enucleation. The most satisfactory time to express the cor­
pus was 8-12 days postestrum, although it could be accom­
plished from 5-18 days following heat. He stated that the 
ovum shed at this heat was readily fertilized, although this 
conclusion was apparently based on results obtained from 
7 animals. Cleaved eggs were recovered from 6 of these 
females 1-4 days post-insemination following enucleation of 
the corpus luteum 8-12 days after estrus. 
Similar findings have also been reported by Dutt (1953), 
Hammond (1959), Hammond and Bhattacharya (1944), and others. 
However, Umbaugh (1949) stated that cows hemorrhaged large 
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amounts of blood following expression of the corpus luteum, 
resulting in adhesions which could seriously affect the 
fertility of the cow. If we assume that enucleation could 
be practiced in the interval of 5-18 days postestrum, on 
the average only two-thirds of a random group of animals 
could be treated in this manner. In addition, the technique 
requires a relatively high degree of skill. Therefore, 
these factors would tend to limit the practical application 
of corpus luteum enucleation in regulating estrus. 
Use of gonadotropins 
Since the rhythm of estrus is normally controlled by 
the gonadotrophic hormones of the anterior lobe of the 
pituitary gland, it is only logical to attempt to alter 
estrus by injecting these hormones. 
In an early report, Hart and Cole (1934) stated that an 
injection of 750 rat units (R.U.) of equine gonadotrophin 
(PMS) resulted in heat 3 days later in an immature heifer. 
Pavlov and Soldatenkov (1933) treated a group of cows with 
combinations of prolan A (follicle stimulating hormone, or 
FSH), prolan B (luteinizing hormone, or LH) and folliculin 
(estrogen), beginning on the 8th day of the cycle. Best 
results were obtained from a combination of all three hor­
mones, but no conceptions resulted from inseminations at 
the induced estrus. 
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In a more extensive experiment, zavadovskii ejt al. 
(1935) treated 177 cows with 200-700 M.U. (presumably mouse 
units) of prolan, 2-4 gm. of pituitary emulsion, or 100-200 
c.c. of whole pregnancy urine 4-8 days after a normal heat 
period. Although 125 of the animals accepted the male 3-5 
days after treatment, none conceived. Injection of 3-5% phe­
nol, either alone or combined with follicular fluid or 
folliculin, induced heat in 29 of 32 cows, but no concep­
tions resulted. Phenol was incapable of inducing ovulation. 
The artificial heat produced by prolan or phenol did not 
disturb the normal sexual periodicity. Rumjancev (1938) 
reported that injection of 6 gm. fresh anterior pituitary 
gland did not induce heat nor affect the duration or in­
tensity of estrus. It did result in follicular growth, 
ovulation and atresia or luteinization in 54% of the cases. 
The experimental corpora were usually produced 5-7 days 
after injection of a non-frozen, and 11-12 days after in­
jection of a frozen preparation. 
Zawadowsky and Eskin (1937) investigated the possible 
causes of low fertility following ovulations induced by a 
gonadotropic agent. No abnormalities were detected in the 
ova, and the number of ova found in the oviduct was near 
normal. Although the experimental corpora lutea were in­
capable of disturbing the normal cyclic rhythm, they were 
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able to prepare the mucosa for implantation. They concluded 
that the low observed fertility could be due to the fact 
that the female genital tract was not ready to receive 
spermatozoa, resulting in reduced sperm vitality and rate 
of travel. 
Càsida et al. (1943) injected 23 normal cows at dif­
ferent stages of the cycle with 4-120 gm. equivalents of 
unfractionated sheep pituitary extract over a period of 
4-40 days. These injections during the early or luteal 
phase of the cycle did not produce heat but delayed the next 
anticipated estrus. Injection during the latter part of 
the cycle appeared to interfere with the expression of es­
trus in some, but not all, cases. The only treatment which 
appeared to accelerate estrus was subcutaneous followed by 
intravenous injections of follicle-stimulating extract. 
Four of 9 cows receiving this treatment had cycles of 11-18 
days in length. Ovulation was fairly consistent with sub­
cutaneous followed by intravenous injections when both in­
jections were of unfractionated pituitary gonadotrophin or 
the subcutaneous injection was a follicle-stimulating ex­
tract and the intravenous injection was a luteinizing ex­
tract. However, fertility was generally obtained only from 
treatments initiated during the latter part of the cycle. 
21 
Srock and Rvwaon (1552) and Willett et al. (1952) 
have reported the production of infertile ova following 
gonadotrophin injections during the luteal phase of the 
cycle. Treatment at this stage of the cycle was not suc­
cessful in inducing estrus (Hammond and Bhattacharya, 1944; 
Brock and Rowson, 1952). Dziuk et al. (1958a) reported that 
many animals treated with gonadotropins during the latter 
stages of the cycle did not show typical estrous symptoms. 
Although vulva response and increased uterine tonus were 
noted, "standing" heat did not always accompany these signs 
of estrus. 
Hammond and Bhattacharya (1944) utilized gonadotrophin 
injections in conjunction with corpus luteum enucleation. 
Heat was observed in the animals 1-5 days following enucle­
ation, and they proposed that the onset of estrus was ac­
celerated by hormone treatment. In general, ovulation was 
not observed until after corpus luteum removal or normal 
corpus luteum regression. 
Willett and Buckner (1953) reported that cows became 
refractory to repeated ovulations by exogenous gonadotro-
phins. Long periods of rest failed to eliminate the re­
fractoriness. 
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Use of progestational compounds 
Neither manual expression of the corpus luteum nor 
exogenous gonadot rophin administration have been entirely 
successful in controlling the time of estrus. Therefore, 
other methods of regulating heat have been investigated. 
The general belief that progesterone produced by the corpus 
luteum is of primary importance in suppressing estrus formed 
the basis for the majority of work in the experimental con­
trol of heat. Theoretically, exogenous progesterone would 
bring about ovarian quiesence in a group of cows, resulting 
in a uniform return to heat following the withdrawal of 
this hormone. 
Among the earlier work reported in this area was that 
of Christian and Casida (1948). Pour yearling heifers were 
used in their studies, with two or more trials conducted on 
three of the heifers, allowing a rest interval of one es-
trual cycle between treatment periods. Daily administra­
tion of 50 mg. progesterone in corn oil from day-14 through 
-27 of the estrous cycle suppressed heat and ovulation in 
all animals, with subsequent heat 5-6 days following the 
last injection. A similar trial involving 25 mg. proges­
terone injections suppressed heat, but 2 of 4 heifers ovu­
lated during treatment, both developing cystic ovaries. 
23 
Ulberg et al. (1951) investigated the effect of daily 
progesterone injections on 48 estrual cycles of 14 dairy 
heifers. These animals received from 3.125-50.0 mg. of 
progesterone daily beginning at various stages of the cycle 
with treatment being given over a 14 day period in most 
trials. Animals receiving 12.5 mg. or more daily did not 
exhibit estrus during the treatment period, although 50.0 
mg. daily was necessary to completely inhibit ovulation. 
The animals on the 50.0 mg. level returned to heat 4-6 days 
post-treatment. Doses lower than 12.5 mg. daily had little, 
if any, effect. In a later report, Ulberg and Patterson 
(1954) found that estrus and ovulation were inhibited in 30 
beef heifers receiving daily injections of 12.5-50.0 mg. 
progesterone for 14 or 19 days beginning at different stages 
of the cycle. Heat was observed 3-8 days following the last 
injection in 26 of the 30 animals. 
Willett (1950) reported that estrus was observed 4-7 
days following the last injection of 50-100 mg. progesterone 
daily in yearling dairy heifers beginning on the 14th or 
15th day of the cycle and continuing for 13-17 days. Trim-
berger and Hansel (1955) injected a group of 30 dairy cows 
with 50-100 mg. progesterone daily for 3-13 days, usually 
starting treatment on the 15th day of the cycle. Estrus 
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occurred from 3-6 days following the last injection, although 
4 animals showed silent heats following treatment. Abnor­
mal ovarian conditions were observed in 15 of the 30 animals. 
Dracy (1953b) stated that synchronization of estrus in the 
cow could be controlled by the subcutaneous injection of 50 
mg. progesterone daily after the 14th day postestrum for 
any period of time, with ovulation occurring 4 days follow­
ing the cessation of hormone injection. 
From 1-18 daily injections of 25-100 mg. progesterone 
were administered to 34 dairy animals by Dziuk ejb al. 
(1958b). Injections were started about the time the corpus 
luteum was becoming inactive. In 60 trials, 12 animals 
failed to return to heat within 20 days after termination 
of injections, although they resumed normal cycles within 
three months. In the other trials, estrus was observed 3-9 
days post-treatment. Cystic ovaries developed in some cases 
and the animals became nymphomaniac or failed to show signs 
of heat for long periods of time. However, none of the vir­
gin heifers failed to return to heat 3-9 days following 
treatment. 
Similar experiments were conducted by Donker et al. 
(1958). Within the limits of their study, no relationship 
was found between the day of cycle treatment started, length 
of treatment period, and the interval from last injection to 
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estrus. As dopage level of progesterone increased, there 
was a tendency for the interval to post-treatment estrus to 
increase. In general, the older and fatter cows were more 
variable in their response and had a tendency to develop 
cystic follicles following progesterone withdrawal. Ovula­
tion appeared to be normally related to estrus in most 
cases, as determined by rectal palpations. These workers 
also conducted a trial to determine the effect of consecu­
tive recycling. This experiment involved 6 cows which were 
treated during 3 successive cycles. No differences were 
detected in the intervals from treatment to estrus, although 
successive recycling appeared to affect corpus luteum for­
mation as determined by rectal palpation 5 days postestrum. 
In each of the first two trials, 5 of the 6 animals had de­
tectable corpora lutea, whereas only 2 of the animals had 
palpable corpora following the third trial. 
Ulberg (1955) attempted to reduce the range of estrus 
response following 14 daily injections of 50 mg. progester­
one beginning at variable stages of the cycle. Decreasing 
doses of progesterone on days 15, 16, and 17 of treatment or 
a single 10 mg. injection on day 17 had little effect in re­
ducing the variability of estrus. In a later paper, Ulberg 
and Lindley (1960) compared daily progesterone administra­
tion with a 0.5-10.0 mg. estradiol benzoate injection 96 
26 
Hours after the series of progesterone injections in beef 
cattle. Of 223 animals receiving progesterone, 180 were in 
heat 3-9 days post-treatment, whereas 111 of 114 animals 
receiving the supplemental estrogen injection following 
progesterone administration were in heat 2-5 days after the 
last progesterone injection. Therefore, estradiol benzoate 
reduced the range of estrus and significantly increased the 
number of animals detected in beat following treatment. 
There was no indication that the estrogen injection changed 
the relationship between onset of estrus and ovulation. 
They postulated that this estrogen, acting synergistically 
and in the proper sequence with progesterone, in some way 
hastened ovulation, possibly through the release of LH. 
In another study, Ulberg et al. (1954) reported that 37 
of 43 beef females treated daily with 25 or 50 mg. proges­
terone for 14 days exhibited a second estrus 13-34 days 
post-treatment. This would substantiate the statement of 
Nalbandov (1958, p. 127), who reported that the cyclic rhythm 
induced by progesterone injections does not persist, and 
within two or three cycles the females synchronized by the 
progesterone treatment return to their initial rhythms. 
The conception rate at the first estrus following daily 
progesterone injections appears to be lowered. Trimberger 
and Hansel (1955) stated that only 3 of 24 cows conceived 
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to natural service at the first post-treatment estrus. 
Similar results have been obtained by Dziuk et al. (1958b), 
who reported that only 2 of 9 animals conceived at first 
estrus following treatment. Nalbandov (1958, p. 127), 
stated that eggs ovulated following progesterone treatment 
show a significantly lower fertilizability and a higher fetal 
resorption rate than those observed in normal females. 
Rowson (1951) reported that ova produced by PMS injections 
in the presence of a corpus luteum or after enucleation of 
the corpus followed by daily progesterone injections were 
infertile. A conception rate of 26% was obtained in 104 
cows receiving daily progesterone injections, as compared 
to 47% conceptions in 106 control cows (Ulberg and Lindley, 
I960). These workers stated that the presence of a palpable 
follicle (10 mm. diameter or greater) at the post-treatment 
estrus greatly enhanced the chances for a successful in­
semination. An injection of 0.5-8.0 mg. estradiol benzoate 
72-96 hours after the series of progesterone injections did 
not further reduce the conception rate, since 26% of 87 cows 
receiving this treatment conceived. 
Conversely, Willett (1950) observed that 11 of 22 
heifers receiving daily progesterone injections conceived at 
the adjusted estrus, and concluded that this was within the 
range of breeding efficiency for animals of that age. In 
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support of this contention, Dracy (1953a) reported that re­
adjusting heat periods with progesterone appeared to have 
no ill effects if the recovery of fertilized ova was any 
criterion of normal fertility. However, the proportion of 
fertilized ova recovered was not reported. 
The infertility generally observed following proges­
terone treatment appears to be only a temporary condition, 
since Ulberg et al. (1954) obtained a 65% conception rate 
(24 of 37 animals) at the second heat following treatment, 
as compared to 66% conceptions (23 of 35 animals) in the 
control group. 
Nichols et al. (1957) demonstrated the importance of 
normal estrus in relation to conception rate. They compared 
the effect of preceding superovulating doses of gonadotrophic 
hormones with daily progesterone injections in 40 animals 
to 26 controls which received only the gonadotropins. Heat 
was expressed by 52% of the progesterone treated animals and 
only 15% of the controls. Of animals which yielded fer­
tilized ova, 70% had displayed typical heat symptoms. The 
fertilization of ova produced in the presence of a functional 
corpus luteum was nil. At slaughter, 36% of the treated 
animals and 82% of the controls possessed such a corpus. 
The mode of progesterone action in suppressing heat 
and ovulation is not known. Ulberg et al. (1951) and 
29 
 ^  ^<•  ^^  1 O ff O * 1 ~V ^  \ w •« <~ « ^   ^  ^W « i w ^  *« « /"** x A *» >» •« A * •• W •» i ^  
1\ aXUOiiUV V \4.7«^ | y • J.A4 f / y V Cua W /^IV^COCÇXVUC to 
LH secretion. Nalbandov (1958, p. 127) further suggests 
that possibly PSH secretion is not affected, which may ac­
count for the formation of ovarian cysts in many females 
treated with large doses of progesterone. 
Although daily injections of progesterone are relatively 
effective in controlling estrus, the labor involved in such 
a procedure would limit its practical application. Nellor 
and Cole (1956) studied the effect of a single injection of 
progesterone in starch emulsion in 11 Hereford heifers of 
"feeder" grade. The animals were injected at various stages 
of the estrous cycle with 540-1120 mg. progesterone. In the 
17 cycles studied, 76% of the animals came in heat 16-23 days 
post-injection. Two heifers inseminated at this heat carried 
normal fetuses 37 days later.. Succeeding cycles in these 
heifers were from 5-23 days in length. When an initial in­
jection of 560 mg. of progesterone was followed 15 days 
later by 750-2140 I.U. of equine gonadotrophin (PMS), 26 
of 29 normally cycling heifers returned to heat 1-4 days 
following the PMS injection. However, only 5 of 29 animals 
(17%) conceived at the first heat following this treatment. 
Cupps (I960) presented further data on the effect of a 
single progesterone injection in beef heifers. Of 47 ani­
mals receiving a single 750 mg. injection of progesterone 
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in oil, 39 showed estrus within 15 days following injection 
with 29 of these being in heat 7-12 days post-treatment. 
The second estrus following treatment was observed 25-29 
days after injection in 20 animals and 32-35 days in 14. 
Therefore, the second heat tended to be grouped, but the 
distribution was bimodal. At the second estrus 43 of the 
47 treated heifers were inseminated. For comparison, 38 
non-treated animals were inseminated at the same time. In 
the treated group, 26 calves were born in a 17 day range, 
whereas 25 calves were born in the control group within a 
21 day range. 
Recently some attention has been focused on the use of 
orally active progestational compounds in controlling estrus 
in cattle. Nellor and Ahrenhold (I960) administered 6-
methyl-17-acetoxyprogesterone (Provera) by twice-a-day feed­
ing in the normal ration to mature beef heifers at various 
stages of the estrous cycle. Estrus and follicular develop­
ment were inhibited during a 15 day feeding period with 0.6 
mg. Provera per pound body weight daily. Estrus was observed 
5-6 days after the end of the treatment in 80% of the ani­
mals. Those animals not bred or not conceiving at the ad­
justed heat returned to estrus 21-24 days later. No concep­
tion data were given. More recently, Nellor et al. (I960) 
reported that 0.2-0.8 mg. Provera per pound daily fed over a 
31 
15-20 day period inhioiteti estrus in 77 heifers, although 
levels above 0.4 mg. were required to completely inhibit fol­
licular growth. A progestational endometrium was maintained 
during the treatment phase at levels of 0.4 mg. or greater, 
although no active corpus luteum was present. Heat was ob­
served 4-5 days post-treatment on the 0.4 mg. level, with 
this interval increasing as the dosage increased. 
Hansel and Malven (I960) have also studied the oral 
progestational effect of Provera in 32 Hereford cows. The 
treatment period consisted of two 10 day phases; 968 mg. 
Provera per animal daily being administered in the first 
phase and 500 mg. per animal daily in the second phase. Six­
teen of the 32 animals were in heat 3-4 days post-treatment. 
Rectal palpation revealed that 13 of the 16 cows not showing 
estrus had ovulated. All animals were inseminated regard­
less of whether they came in heat. Only 8 animals conceived 
from this insemination period (25% conception rate), 3 of 
whom had not shown a post-treatment estrus. The same workers 
also investigated the oral effect of 17-ethynyl-/l5(10) es-
trenolone, containing 1.5% 3-methyl ether of ethinyl estra­
diol. Eighteen cows were fed 187 mg. of this compound per 
animal daily over a 20 day period. However, this treatment 
was not effective in inhibiting estrus, since 11 of the 18 
cows exhibited heat during the treatment period. 
32 
Gonadotrophin Content of the Bovine Pituitary Gland 
Data concerning the gonadotrophin content of bovine 
anterior pituitary glands is lacking in the literature, 
Evans et al. (1933) stated that the hypophysis of beef ani­
mals is a poor source of the gonad-stimulating hormone. 
West and Fevold (1940) assayed sheep, hog and beef pitui-
taries for FSH and EH. FSH activity was evaluated by ovari­
an weight response and LH potency was estimated from seminal 
vesicle weight of immature rats. Beef pituitaries were very 
low in FSH, eliciting "only about 1/20 the response of swine 
or sheep pituitaries. LH content was also lower in the beef 
pituitary than the other two species studied. Beef glands 
had about 1/2 and 1/15 the effectiveness of swine and sheep 
pituitaries, respectively. Witschi (1940) evaluated pitui­
tary FSH and LH in 14 mammalian species, utilizing vaginal 
cornification in immature rats as the endpoint for the FSH 
assay and the appearance of corpora lutea in rats as a 
measure of LH activity. Approximately 5 and 17 times as 
much FSH activity was found in sheep and hog pituitaries, 
respectively, as in beef pituitaries. In the LH assay sheep 
and hog glands were approximately 2 and 5 times as potent, 
respectively, as beef glands. 
FSH was evaluated by testes weight response of immature 
ring doves by Bates et al. (1935). The bovine pituitaries 
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were taken from embryos, veal calves, adult steers, adult 
bulls, non-pregnant cows, and pregnant cows at two stages 
of gestation. The highest level of FSH was observed in 
pituitaries of cows in early pregnancy, with the lowest 
potencies obtained from glands of adult steers. FSH content 
during late pregnancy was slightly higher than that found 
in open cows. 
Cupps et al. <1959) studied the effect of the stage of 
the estrous cycle on pituitary FSH and LH in cattle. The 
FSH assay failed to show any difference between pituitaries 
from 20 cows which could be related to the cycle. However, 
the variability of ovarian weights of control assay animals 
was so great that any difference in pituitary FSH content 
was probably masked. LH content was evaluated by ventral 
prostate weight of hypophysectomized rats. Significantly 
higher levels of LH were found in pituitaries from cows at 
the 3rd and 8th days of the cycle than at the other stages 
studied. Of interest is the fact that LH content did not 
correspond with the extent of granulation in the delta cells 
of the anterior pituitary. 
The effect of a single injection of progesterone on 
FSH and ICSH content of beef heifer pituitaries was studied 
by Nellor and Cole (1957). Seven animals received an in­
jection of 1120 mg. progesterone suspension on the 11th day 
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of the cycle and were slaughtered 6-7 days thereafter. 
Pituitaries from these animals were compared with those 
from 7 untreated heifers slaughtered on the 16th-18th day of 
the cycle. FSH and ICSH were evaluated by histological ex­
amination of the ovaries of immature hypophysectomized rats. 
No differences were detected between control and treated 
animals with respect to pituitary FSH and ICSH potencies. 
A 6:1 ICSH:FSH activity ratio was indicated by the assay 
procedures employed. Simpson (1959) reported a 4:1 ratio of 
ICSH:FSH in beef pituitaries. 
Although Smith et al. (1957) reported that lactogen 
(prolactin) did not have a luteotrophic action in the bovine, 
a brief consideration of this hormone will be given since it 
is considered as a gonadotrophin in some species. 
Reece and Turner (1937) presented a comprehensive re­
port of lactogenic hormone potencies in several species. 
The assay procedure involved the intradermal injection of 
the pituitary preparation over the crop gland of mature 
pigeons, with the area of proliferation induced by this ma­
terial as the end-point of the assay. Pituitaries from fe­
male animals contained more lactogen than glands from males. 
Maturity in the female was accompanied by an increase in 
total lactogen per gland as well as an increase in concentra-
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tion per unit of tissue. Lactogen content in females «as 
found to descend in the following orders dairy cow; guinea 
pig; beef cow; rat; rabbit ; mouse; estrous cat; anestrous 
cat. Of significant interest is the fact that pituitary 
lactogen content in dairy cows was almost twice as high as 
that in beef cows. 
Bates et al. (1935) utilized the crop gland response of 
immature male ring doves to evaluate prolactin levels in 
several classes of cattle. Pituitaries from embryos had 
a much higher level of prolactin that those from calves, 
steers, bulls, or cows. Prolactin potencies were higher in 
pregnant that non-pregnant cows. Also, the levels appeared 
to increase as pregnancy advanced. Hurst and Turner (1942) 
reported the relative potencies of one mg. anterior pitui­
tary tissue of dairy cows in international units (I.U.) of 
standard prolactin. Glands from mature (presumably non-
lactating) cows had .024 I.U. prolactin, the maximum observed 
during pregnancy was .027 I.U., and the maximum during the 
post-partum period (presumably lactating animals) was .037 
I.U. 
Cyclic Changes in the Endometrium 
Several investigators have studied histological changes 
in the endometrium and attempted to correlate these changes 
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with the varying gonadal hormone levels of the animal-
Cole (1930) reported that changes in the size and character 
of the endometrial glands are more distinct than any other 
changes occurring in the non-pregnant animal. During pro-
estrum the lumens of the excretory ducts are small, becoming 
wider toward the body of the gland. The glandular epitheli­
um is taller at estrus. At two days postestrum the glands 
are more coiled at their base and their lumens are filled 
with a secretion. The greatest glandular hypertrophy and 
greatest height of glandular epithelium occurred during mid-
cycle. The epithelium on the free surface of the endometrium 
was pseudostratified and columnar at all times. 
Weeth and Herman (1952) evaluated the reproductive tracts 
of 8 non-pregnant animals at day-1 to -18 of the cycle. Maxi­
mal epithelial height (20 micra) was noted in the terminal 
glands during diestrus. The cell height in the gland necks 
was about 5 micra taller than in the terminals. The surface 
epithelium was tallest during estrus (nearly 40 micra), 
with minimum height noted during metestrus (less than 20 
micra). Pseudostratification was apparent when the surface 
epithelium was tall. They concluded that morphological and 
histochemical changes which occur in the uterus during the 
estrous cycle are minor. The genital tract exhibited both 
a luteal and follicular influence during proestrum. 
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Asdell et al. (1949) stated that thç 1ysinal epithelium 
was pseudostratified at all stages of the cycle. The cells 
were tall during proestrum and estrus, but as they secreted 
actively during heat and on the following day, they were at 
their lowest two days postestrum. Afterwards the cells in­
creased in height throughout the cycle. They reported that 
the ratio of cell length to nucleus length varied in an or­
derly manner and might be useful in determining the hormonic 
condition of the uterus. The ratio was 4:1 just before heat, 
reduced to about 2:1 at heat, and continued to decrease for 
the next two days. Afterwards, it gradually increased 
throughout diestrum. Endometrial glands were relatively 
straight with large lumens at heat. The greatest amount of 
coiling was observed at 12 days after heat. Cell height 
increased and the diameter of the gland lumen decreased un­
til the 8th day, after which the cells were lower. There 
was some secretion at heat, it increased the following day 
and was abundant until the 8th day, after which it decreased. 
Edema of the endometrium appeared in the basal layers at 
mid-cycle and increased up to estrus, appearing in the super­
ficial layers at this time. It subsided rapidly after heat. 
Marion and Gier (1959) observed an increase in surface 
epithelial height from 8-12 micra at ovulation to a maximum 
of 30-40 micra at the end of the luteal phase. With the ap­
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proach of another estrous period, about half of the cells 
collapsed and were lost, while the remaining cells increased 
in width, decreased in height and attained a near cuboidal 
condition at the time of ovulation. 
Cupps et al. (1959) concluded that histological changes 
in the endometrium were not great enough to be of value in 
determining the stage of the cycle, although no data were 
presented. Dziuk et al. (1958c) and Skjerven (1956) re­
ported similar results. However, consistent changes were 
encountered in the alkaline phosphatase, fat, and glycogen 
content by Skjerven (1956). A total of 153 biopsies from 
122 animals were used in this study. Phosphatase activity 
was minimal at estrus, with marked activity from day-8 to 
-13 of the cycle, after which a gradual decrease was observed. 
A large amount of glycogen was present in the surface epi­
thelium at heat. Following estrus, epithelial glycogen de­
creased and stromal glycogen increased. Day-8 to -13 was 
characterized by absence of epithelial glycogen and plentiful 
stromal glycogen. Epithelial glycogen reappeared on day-14 
and stromal glycogen disappeared. Fat drops were not visible 
at estrus, with varying numbers observable 8-13 days follow­
ing heat. These were present until about 2 days proestrum. 
The effect of ovarian hormones on the endometrium of 
ovariectomized heifers was reported by Asdell et al. (1949). 
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The epithelial cells were small and slacst cubical in the 
ovariectomized animal. Estrogens produced a larger cell, 
but progesterone injections preceded by estrogen priming 
gave the tallest cells. Ovariectomy reduced the size of the 
glands, but it did not prevent secretion. Injection of es­
trogens enlarged the glands, causing their lumens to be 
large, but had little effect on the cell height to nucleus 
height ratio. Estrogen plus progesterone injections re­
sulted in the characteristic pattern of mid-diestrum. They 
concluded that full glandular development appeared to de­
pend on a balance between estrogens and progesterone. Dziuk 
et al. (1958c) stated that diethylstilbesterol or proges­
terone alone had no detectable effect on the uterus of the 
ovariectomized animal, but a combination of the two caused 
an increase in surface epithelial height. 
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EXPERIMENTAL PROCEDURE 
All animals used in this study were grade Hereford 
heifers approximately 14-24 months of age obtained through 
commercial markets. The heifers had been previously calf-
hood vaccinated or were tested for brucellosis at the time 
of purchase. They were maintained under dry-lot conditions 
and fed a growing-type ration based on corn silage and/or 
alfalfa hay supplemented with ground ear com. Animals were 
checked twice daily for estrus by use of a vasectomized bull 
and/or androgenized steers. Only those females which would 
stand to be mounted by another animal were considered in 
heat. With the exception of the first experiment, only ani­
mals which exhibited normal estrous cycles (17-24 days) were 
placed in the experimental group. All animals from which 
information on fertility was desired were artificially in­
seminated by an experienced technician. Rectal palpations 
were made at various intervals to indicate ovarian status. 
The first experiment, involving 11 heifers during the 
winter of 1958-59, was designed to study the effect of pro­
gesterone and equine gonadotrophin1 (PMS) treatment on estrus 
and conception in the beef animal. A single subcutaneous 
injection of 560 mg. crystalline progesterone in starch sus-
^Gonadogen, The Upjohn Company, Kalamazoo, Michigan. 
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pension was administered at various stages of the estrous 
cycle, followed in 14 or 15 days by a single subcutaneous 
injection of 750-2250 I.U. (International Units) of PMS. 
The animals were inseminated at the post-treatment estrus 
and slaughtered 33-42 days following gonadotrophin injection. 
On the basis of results obtained in this preliminary 
study, a second experiment was designed to investigate the 
mode of progesterone action in suppressing heat. This ex­
periment involved 42 heifers and was conducted during the 
summer and fall of 1959. Twenty-seven animals received a 
single intramuscular injection of 0.76 mg. Repositol pro-
o 
gesterone per pound body weight, 9 of the heifers being 
treated at heat (day-0), 9 others 8 days postestrum, and the 
remaining 9 animals 16 days after heat. Prom each group 3 
animals were slaughtered 8 days and three 16 days post-
injection. The remaining 3 animals in each group were al­
lowed to return to estrus and were inseminated at this heat. 
These animals were slaughtered 2-4 days postestrum and their 
oviducts and uteri flushed with physiological saline in an 
attempt to recover the ova shed at this heat. Fifteen 
heifers received no progesterone injections and acted as 
controls. Of these, 5 were slaughtered at each of the fol­
lowing stages: 1; 8; and 16 days postestrum. 
^Pitman-Moore Co., Indianapolis, Indiana. 
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At slaughter, reproductive tracts and pituitary glands 
from each animal were prepared for further study. Pituitaries 
were frozen and stored until assayed. All pituitary glands 
were assayed for FSH and LH. At the time of assay the anteri­
or lobe of each gland was dissected free of surrounding tissue 
and homogenized, using 0.85% saline as diluent. Appropriate 
dilutions were made for each dose level; the total volumes 
were pipetted into small vials holding sufficient quantities 
for a single injection period. The solutions were kept frozen 
until just before use each day. Test animals were male rats 
hypophysectomized at 25 or 26 days of age. Two dose levels 
were used; a total of 37.5 mg. or 75.0 mg. of pituitary tis­
sue was administered, with 3 rats on each level. Injections 
(intraperitoneal) were made twice daily for 4.5 days with 
autopsy on the day following the last administration. Con­
trol rats were injected with 0.85% saline. Testes weights 
were used as an indication of FSH activity, whereas ventral 
prostate weights were used to measure LH potency. FSH and LH 
standard preparations were assayed at the same time as control 
pituitaries. Standard FSH was assayed at three levels; 50 
meg., 100 meg., and 200 meg., with 8 rats on the two lower 
levels and 9 rats on the higher level. Three standard LH 
doses, consisting of 12.5 meg., 25.0 meg.,and 50.0 meg., were 
assayed with 9 rats on each of the lower doses and 7 rats on 
the higher dose. Hormone levels above are total amounts 
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injected into each rat over the 4.5 day period. Details of 
the assay procedures employed for FSH and LH are described 
by Hamburger (1950). 
In addition to FSH and LH assays, pituitaries from con­
trol heifers were assayed for lactogenic hormone. The pro­
cedure used was that of Meites and Turner (1950), which in­
volved intradermal injection of the pituitary suspension 
over the crop-sacs of young pigeons. Test solutions were 
administered once daily for four days over both crop-sacs of 
each test animal with autopsy on the day following last in­
jection. Each pituitary was assayed at three dose levels. 
The total amount of tissue injected at each site for the 
three levels was 0.075 mg., 0.15 mg., or 0.30 mg. Three 
pigeons were injected at the lower dose with two squabs at 
each of the higher doses. Standard prolactin assays were 
conducted concurrently with control pituitary assays. The 
total dose injected over each crop-sac was 0.01, 0.02, or 
0.04 I.U. for the three levels. Thirteen squabs were in­
jected at each level. At autopsy crop-sacs were removed 
and examined by transmitted light for evidence of glandular 
proliferation, with each sac being scored from 0-5 depending 
on degree of stimulation. 
Standard preparations of gonadotrophic hormones (FSH, 
LH and prolactin) were secured from the Endocrinology Study 
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Section, National Institute of Health, Bethesda, Maryland. 
Standard FSH was of bovine origin, whereas LH and prolactin 
standards were of ovine origin. 
Uteri were macroscopically examined and measurements 
taken of ovarian structures. All follicles with a diameter 
of 5 mm. or greater were individually recorded, whereas 
those less than 5 mm. in diameter were included in a single 
group. Corpus luteum size was evaluated by external diameter. 
Several tissue samples were removed from the middle portion 
of each uterine horn, fixed in Bouin's fluid, and stored in 
70% ethanol. After paraffin embedding, sections from each 
sample were cut at 8-10 micra. Hematoxylin and eosin were 
used as stains. Histometric data, consisting of luminal 
and glandular epithelial cell heights and nuclear heights, 
were obtained. 
Several problems arose in the analysis of the data which 
merit explanation. As previously mentioned, the anterior 
lobes of the pituitary glands were assayed for FSH and 
LH at two dose levels, 37.5 and 75.0 mg. When the results 
of these assays were plotted, it was evident that both 
doses had elicited a near maximal response. Fitting a 
linear regression line (response on dose) using data 
from the higher dose would have led to a biased estimate 
of the linear relationship in the dose range from 0 to 
37.5 mg., if such a relationship existed. Therefore, only 
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data from the 37.5 mg, assay level and from the control rats 
(injected with 0.85% saline) were used in the statistical 
analyses. The slope of each regression equation was esti­
mated for each gland from the average responses of the con­
trol rats and the rats on the 37.5 mg. assay level. Equiva­
lent doses (amounts of tissue necessary to elicit a given 
response) were given by the reciprocals of the estimated 
slopes (l/b^) of each gland assayed. These equivalent doses 
were the values used in the analyses of variance of FSH and 
LH potencies. 
Since glands from control and treated heifers were as­
sayed at different times and standard hormone assays were 
only conducted with the control pituitary assays, some justi­
fication was necessary for comparing the results from the 
two groups. If the control rats from the two assay periods 
had similar responses, it was logical to assume that the 
rats receiving injections of pituitary tissue would also re­
spond in a comparable manner, even though the assays were 
conducted at different times. The mean ventral prostate 
weights of the control rats in the two assays were nearly 
identical (13.5 mg. vs. 13.8 mg.). Although the mean testes 
weights differed by 20 mg. (304 mg. vs. 324 mg.) in the two 
groups of control rats, a "t" test indicated that this dif­
ference was not statistically significant (P ^  0.40). These 
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similarities indicated that valid comparisons could be made 
between the control and treated heifers. Therefore, the 
overall average responses of both groups of control rats 
were used to estimate the intercepts of the regression 
equations for the pituitary assays. 
The estimation of the relative potencies of FSH, LH 
and prolactin in the pituitary glands of control heifers was 
based on the theory of slope-ratio assays (Burn et al., 1952, 
pp. 94-102). In this type of assay the basic assumptions 
are that the response is linearly related to the dose and 
the standard and test preparations have a common intercept. 
In estimating the slopes of the regression equations for 
the standard preparations of FSH and LH, the responses of 
the control rats were included. A relative potency value 
was then obtained for each gland by dividing the regression 
coefficient of the test assay by the regression coefficient 
of the standard assay (t>t/bs). 
The analysis of the prolactin data was based on the ad­
ditional assumption that the regression line passed through 
the origin, which indicated that there was no response in 
the test animal if no hormone was administered. This is a 
logical assumption, since the crop-sac of pigeons exhibits 
no proliferation unless the animals are brooding. To force 
the regression line through the origin, the regression co-
47 
efficient for the standard assay was estimated by the uncor­
rected cross-products divided by the uncorrected sum of 
squares of doses (Williams, 1959, p. 15). For the pituitary 
assays, the average crop-sac response at each dose for each 
pituitary gland was calculated, and the values obtained for 
the 0.15 and 0.30 mg. dose levels were equated to the 0.075 
mg. level by dividing them by 2 and 4, respectively. These 
equated values, which were estimates of the slope or regres­
sion coefficient, were used in the analysis of variance. 
To estimate the relative potency of each gland, the average 
of the equated values for each pituitary assay was taken as 
the best estimate of the regression coefficient for that 
particular assay. As before, the ratio of the slopes of the 
standard and test materials was an estimate of the relative 
prolactin potency of each gland. 
Data from control animals were statistically analyzed 
as a completely randomized design. Information from treated 
heifers was analyzed asa3x3or3x4 factorial arrange­
ment, depending on whether or not control data was included 
in the analysis. Since unequal sub-class numbers were en­
countered, the method of unweighted means (Snedecor, 1956, 
p. 385) was utilized in analyses involving factorial treat­
ment arrangements. 
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RESULTS AND DISCUSSION 
Experiment I. Progesterone-PMS Treatment 
Results of the study involving progesterone-PMS treat­
ments are summarized in Table 1. In the first phase of 
this study only 6 of 11 heifers involved had exhibited 
standing heats prior to treatment, although all animals had 
been observed daily for a period of 68 days. At the time 
of progesterone injection the cycling animals were from 2-5 
days postestrum. The single 560 mg. progesterone injection 
was followed by 750 I.U. of PMS 14 days later. The mean in­
terval from PMS injection to estrus was 25.1 days (range, 
5-38 days) in the 8 heifers exhibiting a post-treatment 
heat. It is possible that the wide range observed in estrous 
response could have been due to a sub-optimum level of gonado­
tropins. To test this possibility a second trial was con­
ducted with the same animals. All heifers received 560 mg. 
progesterone 39 days following the PMS injection of the first 
trial. Fifteen days later, 6 of the animals received 1500 
I.U. and five 2250 I.U. of PMS. Of 6 receiving the lower 
level of PMS, 5 had shown prior estrous periods and were 
2-34 days postestrum when injected with progesterone. These 
animals returned to estrus an average of 9.4 days post-PMS, 
with a range of 2-18 days. Only one of 5 animals inseminated 
at this heat was pregnant at slaughter 24-42 days later, 2 
Table 1. Effect of progesterone-PMS treatment on estrous response of beef heifer* 
Day of Number Number Days, VMS 
Number cycle of animals of animals injection to 
of treatment cycling before cycling after first estrus Conception rate 
animals started treatment treatment Mean Range percent proportion 
11* 2-5 6 8 25.1 5-38 None inseminated 
6b 2-34 5 5 9.4 2-18 20 l/5 
5C 1-15 3 4 13.2 5-27 0 0/3 
aSingle injection of 560 mg. progesterone followed by 750 I.U. of PMS 14 
days later. 
^Single injection of 560 mg. progesterone followed by 1500 I.U. of PMS 15 
days later. 
°Single injection of 560 mg, progesterone followed by 2250 I.U. of PMS 15 
days later. > 
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normal and 2 degenerate embryos being recovered. Three of 5 
heifers receiving the higher dose of PMS had shown prior heat 
periods and were 1-15 days postestrum at the time of proges­
terone injection. Four of these heifers returned to heat 5-27 
days following PMS administration, or an average of 13.2 days. 
Of 3 animals inseminated at this heat, none were pregnant at 
slaughter 26-37 days later. The remaining 3 heifers were 
slaughtered 33-42 days after the second PMS injection. The 
uteri from all animals appeared grossly normal. Eleven post-
treatment estrous cycles from 7 animals varied from 7 to 26 
days in length and averaged 16.5 days. 
These results are somewhat contradictory to those ob­
tained by Nellor and Cole (1956), who used the same treatments 
reported in this study. Of 39 heifers in their work injected 
with 560 mg. progesterone followed by 750 or 2140 I.U. of PMS 
15 days later, 31 (79%) were in heat 0-4 days following PMS 
administration. Only 5 of 29 animals (17%) inseminated at 
this estrus conceived. Small numbers and adverse weather con­
ditions might possibly explain the discrepancy in estrous re­
sponse between the work reported in this paper and that of 
Nellor and Cole (1956). The low conception rate observed in 
this study is in agreement with their findings. Furthermore, 
Donker et al. (1958), Trimberger and Hansel (1955), and Ulberg 
(1955) have also reported a reduction in fertility at first 
estrus following progesterone treatment. Ulberg and Lindley 
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(I960) found thai a single injection of 0.5-10.0 mg. estra­
diol benzoate following daily progesterone injections resulted 
in significantly more animals being detected in heat than with 
progesterone injections alone, although the conception rates 
for the two treatments were comparable. However, the estrogen 
injection removed much of the variation in onset of estrus 
following progesterone injections. 
Experiment II 
Effect of progesterone on estrous response 
Due to the low fertility following progesterone treat­
ment and the variability of estrous response observed in Ex­
periment I, a more intensive investigation on the effect of 
exogenous progesterone administration was conducted. This 
experiment involved 42 animals, 27 of which were injected 
with a uniform dose of Repositol progesterone at three stages 
of the cycle, with the remaining 15 animals acting as controls. 
Two heifers which were injected at heat and designated 
to be slaughtered 16 days later returned to estrus 12 and 13 
days following treatment. They were inseminated at this 
heat and included in the group of females which were allowed 
to return to estrus following injection. A total of 11 ani­
mals returned to heat following progesterone treatment. 
Five heifers injected at heat showed estrus 12-14 days post-
injection (mean of 13.2 days). Three animals treated at day-8 
of the cycle were in heat 16-19 days (mean of 17.7 days) af­
ter injection, or 24-27 days after their last heat. Estrus 
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was observed 14-16 days (average of 15.3 days) after injection 
at day-16 in 3 animals, or 30-32 days from the pretceatment 
heat. In comparison, 5 control heifers had cycles of 18-24 
days (mean of 20.6 days) in length. It would appear that a 
single injection of a large dose of Repositol progesterone at 
heat interferes in some manner with normal functioning of the 
corpus luteum, resulting in a marked shortening of the estrous 
cycle. This is further substantiated by findings of Loy et 
al. (1960), who reported that injection of 1 mg. progesterone 
per lb. body weight at day-1 or -5 of the estrous cycle re­
sulted in a significantly lower concentration of progestogen 
in the corpus luteum at day-14. However, the results of this 
investigation suggest that if progesterone injection is de­
layed until day-8 or -16 of the cycle, the endogenous produc­
tion of progesterone by the corpus luteum together with the 
exogenous supply act to suppress the next expected heat, re­
sulting in a prolonged cycle. 
In an attempt to evaluate the potential fertility of ova 
shed following progesterone treatment, the above 11 animals 
were inseminated at the estrus following treatment and slaugh­
tered 2-4 days later. Although ovulation had occurred in all 
cases, only 3 ova were recovered from the 11 uteri, and of 
these only one ovum was cleaved or fragmented. Due to the poor 
ova recovery no assessment of ova viability was justified. 
Pituitary gonadotrophin activities 
Results of bioassays for PSH and LH are presented in 
Tables 2 and 3, respectively. The statistical analyses of 
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Table 2. Effect of exogenous progesterone on FSH content 
of beef heifer pituitariesa 
Days, injection Control Stage of cycle pro-
to slaughter heifers gesterone injected" 
0 8 16 
8 584 (4)C 512 (3) 530 (3) 496 (3) 
16 642 (4) 481 (1) 583 (3) 551 (3) 
Postestrum 569 (5) 559 (5) 527 (3) 528 (3) 
Stage means 598 (13) 517 (9) 547 (9) 525 (9) 
aFSH potencies evaluated by testes wt. (mg.) of imma­
ture hypox. rats. 
^Single intramuscular injection of 0.76 mg. Repositol 
progesterone per lb. body wt. 
PMean testes wt. (mg.) with number of pituitaries as­
sayed in parenthesis. 
Table 3. Effect of exogenous progesterone on LH content of 
beef heifer pituitariesa 
Days, injection Control Stage of cycle pro-
to slaughter heifers gesterone injected*) 
0 8 16 
8 59.4 (4)c 45.5 (3) 54.0 (3) 46.1 (3) 
16 64.1 (4) 42.0 (1) 54.4 (3) 51.6 (3) 
Postestrum 44.6 (5) 49.0 (5) 43.9 (3) 44.0 (3) 
Stage means 56.0 (13) 45.5 (9) 50.8 (9) 47.2 (9) 
aLH potencies evaluated by ventral prostate wt. (mg.) of 
immature hypox. rats. 
^single intramuscular injection of 0.76 mg. Repositol 
progesterone per lb. body weight. 
cMean ventral prostate wt. (mg.) with number of pitu­
itaries assayed in parenthesis. 
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these data are presented in Tables 9 and 10. FSH activity 
of the pars anterior, as indicated by testes weight, was sig­
nificantly higher (P<0.01) in control heifers than in those 
receiving progesterone injections at various stages of the 
cycle. However, within the treated animals, no significant 
differences between stages of cycle injected or periods from 
injection to slaughter were detected. Ventral prostate weights 
also indicated significantly higher (P< 0.05) levels of LH in 
control pituitaries than in those from animals treated with 
progesterone. As in the FSH assay, treated animals did not 
differ significantly from each other with respect to stage of 
cycle injected or interval from injection to slaughter. 
These results, which indicate that exogenous progesterone 
depresses pituitary FSH and LH content, are not in agreement 
with findings of Nellor and Cole (1957). They reported no 
detectable differences in pituitary FSH or ICSH activities 
between 7 control heifers and 7 heifers receiving a single 
injection of 1120 mg. progesterone on the 11th day of the 
cycle. Depression of FSH and LH content of the anterior 
pituitary by exogenous progesterone could be the result of 
either decreased synthesis or increased release (or both) of 
these hormones. Loy et al. (1960) postulated that proges­
terone inhibits release of LH from the pituitary, resulting 
in defective corpus luteum formation and maintenance. If 
this were true, LH content of glands from treated heifers 
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would presumably be as high, if not higher, than the level 
in untreated animals. 
If only the data from the control animals is examined, 
a significantly lower LH level (P< 0.005) is observed at 
day-1 than at day-8 and -16 of the cycle. This low level 
of LH corresponds roughly with time of ovulation, since 2 
of 5 animals slaughtered at day-1 had ovulated. This would 
indicate an inverse relationship between pituitary LH con­
tent and circulating LH levels, if we assume that the 
quantity of LH in the circulatory system is relatively high 
at the time of ovulation. This is somewhat at variance with 
a statement by Nalbandov (1958, pp. 64-65). He suggested 
that a positive relationship exists between pituitary gonado­
tropin content and the level of gonadotropins in the blood 
stream. 
Cupps eji al. (1959) reported that pituitary LH content 
varied significantly between days of the cycle, with high 
values observed on the 3rd and 8th days. They stated that 
LH content of the pituitary is closely related to growth 
and differentiation of the corpus luteum, at least at these 
two stages of the cycle. In their nomenclature day-1 was 
the day of estrus ; therefore, day-3 in their study would be 
the 2nd day postestrum. This would indicate a rather rapid 
change in LH potency from a low value one day postestrum (as 
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indicated in this study) to z high value on the second day 
following heat. However, the validity of this comparison 
is questionable, since it involves two different groups of 
animals. 
Although the FSH levels did not differ significantly 
between days of the cycle, a higher level (P<0.10) was ob­
served 16 days postestrum than at day-1 and -8. Cupps et ai. 
(1959) failed to find any difference in pituitary FSH con­
tent of 20 cows which could be related to the cycle. 
Lactogenic hormone concentrations were evaluated only 
in pituitaries from control heifers. No significant differ­
ence between days of cycle was detected by the assay method 
utilized (Table 11). 
Relative gonadotropin potencies of control pituitaries, 
in units of standard hormone preparations assayed, are pre­
sented in Table 4. These data indicate that the beef adeno-
hypophysis contains relatively more FSH than LH. In con­
trast, Nellor and Cole (1957) reported that ICSHrFSH activity 
ratio was 6:1 in beef heifer pituitary glands. 
No significant deviations from linear regression were 
detected in the standard FSH and LH assays (Table 12). Also, 
the intercepts of these two regression equations agreed with 
those hypothesized on the basis of the average testes and 
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Table 4. Relative potencies of one gram anterior pituitary 




Prolactin, I.U. 175 Î 28b 136 t 13 176 t 28 
PSH, mg. 4.33 t 0.33 4.60 + 0.58 5.61 t 0.40 
LH, mg. 2.39 t 0.14 3.55 t 0.39 3.91 * 0.48 
^Reference standards were obtained from Endocrinology 
Study Section, National Institute of Health, Bethesda, 
Maryland. 
Htean and standard error. 
ventral prostate weights of control rats CP^0.50; evaluated 
by "t" tests). The statistical test for curvature was sig­
nificant (P<0.05) for the standard prolactin analysis (Table 
12). However, the linear relationship accounted for ap­
proximately 98% of the between dose variability, and it 
seems likely that the deviations from linearity were not 
large enough to have introduced appreciable bias in the con­
clusions. Also, the utilization of a curved response rela­
tionship would result in the introduction of large errors of 
estimation which would probably outweigh the potential small 
bias. Therefore, the linear relationship between dose and 
response was used in the analysis of these data. 
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Ovarian morphology 
Average diameters of corpora lutea from control and pro­
gesterone treated heifers are presented in Table 5, with the 
statistical analysis of these data in Table 13. Progester­
one treatment resulted in a significant decrease in corpus 
luteum size (P<0.005). Loy et al. (I960) reported that 
progesterone injections in heifers at day-1 resulted in a 
significant decrease in corpus luteum weight, although in­
jection at day-5 of the cycle did not significantly effect 
corpora weights. They suggested that this effect may be 
due to a lack of circulating LH and postulated that this 
insufficiency was due to a blockage of LH release. The LH 
data from this experiment would indicate that smaller cor­
pora lutea observed could be due to a lack of LH, although 
it appears possible that progesterone might suppress pro­
duction rather than release of LH. Corpora lutea from 
treated animals may have been smaller than normal because 
they were at a later stage of development. However, corpora 
from animals injected at heat were less than half as large 
as those from control animals, whereas the chronological de­
velopment of these structures would be identical in the two 
groups. 
Table 6 presents average diameters of the largest fol­
licle in the ovaries of each animal in this experiment. The 
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Table d. Effect ot exogenous progesterone on corpus luteum 
diameter of beef heifers 
Days, injection Control Stage of cycle 
to slaughter heifers progesterone injected^ 
0 8 16 
8 19 (5)b 9(3) 18 (3) 8 (3) 
16 18 (5) 13(1) 11 (3) 6 (3) 
Postestrum 
(C.L. of prior 
cycle) 
13 (5) 3(5) 7 (3) 3 (3) 
Stage means 17 (15) 8(9) 12 (9) 6 (9) 
aSingle intramuscular injection of 0.76 mg. Repositol 
progesterone per lb. body wt. 
Hlean diameter (mm.) of corpus luteum with number of 
heifers in parenthesis. 
Table 6. Effect of exogenous progesterone on follicle size 
in beef heifers 
Days, injection Control Stage of cycle 
to slaughter heifers progesterone injected3 
0 8 16 
8 11 (5)b 11 (3) 8 (3) 19 (3) 
16 12 (5) 14 (1) 16 (3) 18 (3) 
Stage means 12 (10) 12 (4) 12 (6) 18 (6) 
aSingle intramuscular injection of 0.76 mg. Repositol 
progesterone per lb. body weight. 
ttyean diameter (mm.) of largest follicle with number 
of heifers in parenthesis. 
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statistical analysis is summarized in Table 13. No signifi­
cant difference was detected between control and treated 
groups. In contrast, Nellor and Cole (1957) reported that 
similar follicular measurements were almost twice as great 
in control heifers as in heifers receiving a single proges­
terone injection. However, the level of progesterone ad­
ministered in their study (1120 mg.) was over twice that 
used in this work, and possibly could account for the dis­
crepance. Among progesterone treated animals, those receiv­
ing injections at day-16 of the cycle had significantly 
larger follicles than those injected at day-8 (P < 0.005). A 
plausible explanation is that the follicles from animals 
treated 16 days postestrum had been under the influence of 
FSH a longer period of time, resulting in a continued in­
crease in size as compared to the day-8 group. 
Histometric measurements of uterine epithelium 
Cell heights and nuclear heights of endometrial epi­
thelium were evaluated at three locations; epithelium lining 
the lumen of the uterus, glandular epithelium located super­
ficially or adjacent to the lumen, and glandular epithelium 
in the basal layers of the endometrium (next to the myo­
metrium) . Results of these measurements are presented in 
Figure 1 and Table 7. Statistical analyses are summarized 
EPITHELIAL CELL HEIGHTS 
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Figure 1. Effect of exogenous progesterone on endometrial epithelial cell 
heights in beef heifers 
(Abbreviations: CON. • control animals; STAGE TRT. = stage 
of cycle progesterone injected) 
Table 7. Effect of exogenous progesterone on the epithelial cell heights of the 
bovine endometrium 
Days, injection Control 
to slaughter Location heifers 
Stage of cycle progesterone injected* 
0 8 16 
8 Luminal 36 (4)% 21 (3) 25 (3) 36 C3) 
Super. Gl. 25 (5) 23 (3) 20 (3) 18 (3) 
Basal Gl. 21 (5) 16 (3) 16 C3) 12 (3) 
16 Luminal 26 (5) 31 (1) 21 (3) 30 CD 
Super. Gl. 19 (5) 26 (1) 20 (3) 17 (2) 
Basal Gl. 15 (5) 14 CD 12 C3) 11 (3) 
Postestrum Luminal 22 (5) 20 C5) 19 (3) 22 C3) 
Super. Gl. 24 (5) 21 C5) 19 (3) 22 (3) 
Basal Gl. 17 (5) 15 C5) 17 (3) 16 C3) 
o 
cv 
Stage means Luminal 28 (14) 24 (9) 
Super. Gl. 23 (15) 23 (9) 







aSingle intramuscular injection of 0.76 mg. Repositol progesterone per lb. 
body wt. 
*taean cell height (micra) with number of heifers in parenthesis. 
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in Tables 14-18. In some animals the luminal epithelium was 
denuded or distorted to such a degree as to prevent measure­
ments being obtained. Superficial glandular epithelium was 
immeasurable in only one animal; however, it was possible to 
measure heights of basal glandular epithelium in all animals 
studied. 
Although luminal cell heights exhibited the greatest 
mean differences between stages studied, variation between 
animals within stages was approximately 10-20 times as great 
as that observed for glandular epithelium. Dziuk et al. 
(1958c) reported that luminal epithelial height varied more 
from one location to another in the same section than the 
range which is usually accepted for the entire cycle. This 
would definitely limit the usefulness of luminal cell heights 
as an indication of functional activity of the endometrium. 
Due to the variability of luminal epithelium, major emphasis 
was placed on glandular epithelium in the presentation and 
interpretation of this phase of the study. 
Statistical analysis of glandular cell height, at either 
superficial or basal areas, resulted in a significant inter­
action between stage of cycle injected and days from injection 
to slaughter. This invalidated any comparisons of the over­
all mean effects, and only those comparisons of effects with­
in a single classification were theoretically sound. 
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Both, superficial and waSai glandular ceils were signifi­
cantly higher (P <0.005) in control animals slaughtered 8 days 
postestrum than in the progesterone treated group slaughtered 
8 days after injection. A similar comparison of control ani­
mals at day-16 of the cycle and treated animals 16 days post-
injection resulted in a significantly higher (P<0.025) 
epithelium in the basal glands of controls, but not in super­
ficial glands. The same comparison 1-4 days postestrum in­
dicated that only superficial glandular cells were higher 
CP<0.005) in control animals. In general, the trend is for 
untreated heifers to have higher glandular epithelium than 
those receiving progesterone injections. This would pre­
sumably indicate that exogenous progesterone reduces the 
secretory activity of endometrial glands. Asdell £t al. 
C1949) reported that maximum glandular cell height in ovari-
ectomized dairy cattle was produced by a combination of both 
estrogen and progesterone injections. This possibly indi­
cates that exogenous progesterone injections in intact ani­
mals affects the proportion or levels of the ovarian hormones. 
Loy £t al. C1960) proposed that imbalances between the ovarian 
hormones involved altered pituitary gonadotrophin secretion. 
Decreased pituitary FSH and LH potencies observed in this 
study would tend to substantiate this statement. Therefore, 
this imbalance between the ovarian hormones could result in 
a decreased secretion of "uterine milk", which is generally 
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considered necessary for nourishment of the developing blasto­
cyst. Low conception rates following progesterone treatment 
could thus be explained on this basis. A statement by Asdell 
(1955) would tend to substantiate this theory. He reported 
that large doses of progesterone appeared to have an adverse 
effect on the uterine glands of ovariectomized heifers, and 
proposed that the balance of estrogens and progesterone may 
be important for optimum glandular development. However, 
Dziuk et al. (1958c), utilizing the biopsy technique, were 
unable to demonstrate that progesterone injections altered 
the histology of the uterus from that of the normal luteal 
phase. 
Cyclic changes which occur in epithelial cell heights 
were studied in tissue samples from the control heifers. In 
the three locations where cells were measured, epithelium 
was taller at day-8 of the cycle than at either day-1 or 
day-16. This corresponds closely with the time of maximum 
luteal activity, although the rather sharp drop in cell 
height from day-8 to day-16 of the cycle is not readily ex­
plainable on this basis. Weeth and Herman (1952) reported 
that luminal epithelium is highest at heat, whereas Marion 
and Gier (1959) state that maximum height was observed at 
the end of the luteal phase. Glandular cell height was found 
to be taller during the luteal phase of the cycle by Asdell 
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et al. (1949) and Weeth and Herman (1952). 
Cell height:nucleus height ratios were calculated for 
each animal, and the mean results are presented in Table 8. 
Statistical analyses of these data, comparable to those for 
epithelial cell heights, were conducted. The results of 
these analyses were almost identical with those obtained from 
the cell height data. Therefore, the presentation and dis­
cussion of these results have been omitted. The ratios ob­
tained in this study were similar to those reported by As­
dell et al. (1949). 
Table 8. Effect of exogenous progesterone on the epithelial cell height:nucleus 
height ratio of the bovine endometrium 
Days, injection Control Stage of cycle 
to slaughter Location heifers progesterone injected* 

































































































aSingle intramuscular injection of 0.76 mg. Repositol progesterone per lb. 
body wt. 
bMean ratio with number of heifers in parenthesis. 
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SUMMARY 
Experiments were conducted to determine the effect of 
exogenous progesterone on estrous response, conception rate, 
pituitary gonadotrophin content, ovarian morphology and en­
dometrial epithelial cell heights of grade Hereford heifers. 
The trials involved a total of 53 heifers approximately 14-24 
months of age. Eleven heifers received 560 mg. progesterone 
followed by 750-2250 I.U. of PMS 14 or 15 days later. Heat 
was observed 2-38 days after PMS injection, but only 12% of 
the animals conceived from inseminations at this estrus. 
A group of 27 heifers received a single injection 0.76 
mg. Repositol progesterone per lb. of body weight. Nine 
animals were injected at each of the following stages of the 
estrous cycle: 0 (heat); 8; and 16 days postestrum. From 
each group 3 were slaughtered 8 days and three 16 days post-
injection. The remaining 3 heifers in each group were slaugh­
tered 2-4 days after first post-treatment estrus. Fifteen 
animals acted as controls, 5 being slaughtered at each of 
the following stages: 1; 8; and 16 days postestrum. Estrus 
was observed in treated animals 12-19 days post-injection. 
Animals receiving progesterone injections at heat had the 
shortest interval to next estrus (12-14 days), whereas those 
injected at day-8 of the cycle exhibited the longest interval 
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from injection to heat (16-19 days)-
Pituitary FSH and LH potencies were evaluated by testes 
weights and ventral prostate weights, respectively, of im­
mature hypophysectomized rats. Pituitary FSH and LH poten­
cies were significantly higher in control animals than in 
the treated group. However, no significant differences in 
these two hormones were observed in the treated group with 
respect to stage of cycle injected or interval from injection 
to slaughter. LH potency was significantly lower in control 
heifers slaughtered 1 day postestrum than 8 and 16 days 
postestrum. Prolactin levels were also evaluated in the 
pituitaries from control animals. No differences were de­
tected in prolactin potencies which could be attributed to 
stage of estrous cycle. 
Average corpus luteum diameter was significantly greater 
in control animals, indicating that exogenous progesterone 
interfered with formation and/or maintenance of the corpus 
luteum. A similar analysis of the diameters of the largest 
ovarian follicles in these animals failed to indicate any 
significant differences between control and treated groups. 
Cell heights of glandular epithelium of the endometrium 
tended to be higher in control uteri, suggesting that the 
endometrium of the treated group was possibly subfunctional. 
The lowered fertility observed following progesterone treat­




Table 9. Analyses of variation of FSH assay data 
Source d.f. S.S.a M.S. F 
I. All FSH assay data 
Stages 3 4,248 1,416 3.40* 
Times 2 599 300 0.72 
S x T 6 2,337 390 0.94 
Within 28 33,036 1,180 
Error 28 — 460 
II. Assay data from progesterone injected heifers 
Stages 2 714 357 0.60 
Times 2 684 342 0.57 
S x T 4 1,766 442 0.74 
Within 18 27,494 1,527 
Error 18 — 600 
III. Assay data from control heifers 
Stages 2 2,056 1,028 1.86 
Error 10 5,542 554 
^Times 10"^. 
*P<0.05. 
Table 10. Analyses of variation of LH assay data 
Source d.f. S.S.a M.S. F 
I- All LH assay data 
Stages 3 95,152 31,717 2.51 
Times 2 49,180 24,590 1.94 
S x T 6 123,158 20,526 1.62 
Within 28 1,004,317 35,868 
Error 28 — 12,652 
3Times lO""^. 
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Table 10. (Continued) 
Source d.f. S.S.a M.S. F 
II. Assay data from progesterone injected heifers 
Stages 2 31,780 15,890 0.91 
Times 2 8,068 4,034 0.23 
S x T 4 80,969 20,242 1.16 
Within 18 796,935 44,274 
Error 18 — —  17,383 
III. Assay data from control heifers 
Stages 2 383,518 191,759 9.25** 
Error 10 207,382 20,738 
**P<Q,01. 
Table 11. Analysis of variation of prolactin assay data 
Source d.f. S.S.a M.S. F 
Stages 
Hfrs./stages 
2 15,031 7,516 0.82 
10 91,790 9,179 2.11* 




Table 12. Tests of validity of linear regression for 
standard hormone assays 
Source d.f. S.S. M.S. 
























III. Prolactin standard 
Doses 3 299.27 
Regression (1) 293.04 
Deviations (2) 6.23 





Table 13. Analyses of variation of data on ovarian structures 
Source d.f. S.S. M.S. 











II. Follicle diameters 
Stages-
Times 


































Table 14. Analyses of variance of luminal epithelial cell 
heights 
Source d.f. S.S. M.S. 
I. Data from all heifers 
Stages 3 112.92 37.64 3.57* 
Times 2 162.50 81.25 7.71** 
S x T 6 132.83 22.14 2.10 
Within 27 704.22 26.08 
Error 27 — 10.54 
II. Data from progesterone injected heifers 
Stages 2 92.67 46.34 3.73* 
Times 2 98.00 49.00 3.95* 
S x T 4 93.33 23.33 1.88 
Within 16 425.47 26.59 
Error 16 — 12.41 
III. Data from control heifers 
Stages 2 416.68 208.34 8.22** 




Table 15. Analyses of variance of superficial glandular 
epithelial cell heights 
Source d.f. S.S. M.S. F 
I. Data from all heifers 
Stages 3 41.67 13.89 17.36** 
Times 2 2.67 1.34 1.68 
S x T 6 45.33 7.56 9.45** 
Within 29 64.80 2.23 
Error 29 — 0.80 
II. Data from progesterone injected heifers 
Stages 2 32.67 16.34 19.45** 
Times 2 0.67 0.34 0.40 
S X T 4 26.66 6.66 7.93** 
Within 17 34.80 2.05 
Error 17 — 0.84 
III. Data from control heifers 
Stages 2 105.73 52.86 21.14** 
Error 12 30.00 2.50 
**P<0.01. 
Table 16. Analyses of variance of superficial glandular 
epithelial cell heights within times, including 
data from control heifers 
Source d.f. S.S. M.S. F 
I. Heifers slaughtered 8 days after injection 
Stages 3 119.16 39.72 26.13** 
Error 10 15.20 1.52 
**P<0-01. 
76 
rabie id. (continued) 
Source d.f. S.S. M.S. F 
II. Heifers slaughtered 16 days after injection 
Stages 3 55.26 18.42 7.37* 
Error 7 17.47 2.50 
III. Heifers slaughtered after first estrus following 
injection 
Stages 3 44.31 14.77 5.51* 
Error 12 32.13 2.68 
*P<0.05. 
Table 17. Analyses of variance of basal glandular epithelial 
cell heights 
Source d.f. S.S. M.S. F 
I. Data from all heifers 
Stages 3 33.00 11.00 15.07** 
Times 2 28.17 14.08 19.29** 
S x T 6 20.50 3.42 4.68** 
Within 30 62.93 2.10 
Error 30 — — 0.73 
II. Data from progesterone treated heifers 
Stages 2 8.00 4.00 3.81* 
Times 2 20.67 10.34 9.85** 
S x T 4 9.33 2.33 2.22 
Within 18 48.13 2.67 
Error 18 • — 1.05 
II. Data from control heifers 
Stages 2 98.80 49.40 40.16** 




Table 18. Analyses of variance of basal glandular epithelial 
cell heights within times, including data from 
control heifers 
Source d.f. S.S. M.S. F 
I. Heifers slaughtered 8 days after injection 
Stages 3 145.58 48.53 26.81** 
Error 10 18.13 1.81 
II. Heifers slaughtered 16 days after injection 
Stages 3 27.05 9.02 4.56* 
Error 8 15.87 1.98 
III. Heifers slaughtered after first estrus following 
injection 
Stages 3 15.51 5.17 2.15 
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